In seed treatment trials conducted in Ames, tremendous increases in plant density were achieved with Captan, Captan/ Apron, Maxim/ Apron, and Apron alone. The relative amount of damage caused by the various seedling pathogens is not known precisely, but some inferences can be drawn from the relative effects of Apron alone vs. combinations of Apron with the broad spectrum fungicides Captan and Maxim. The greatest stand densities were achieved when these fungicides were applied to seed in combination with Apron. Apron alone resulted in approximately 2/3 of the stand density achieved with a combination of Apron with Captan or Maxim. Since we can assume that of the major corn seedling pathogens, Apron controls only Pythium, it follows that the majority of the response to seed treatment was a result of Pythium control in these three fields.
Management recommendations for corn seedling diseases in 1996 remain the same as in previous years: plant high quality fungicide-treated seed in a well-prepared seedbed when soil temperature is greater than 50 F and soil moisture is adequate but not excessive. As with most diseases, crop rotation reduces the risk of severe disease. Reducing the amount of surface residue also decreases the risk of seedling disease. New developments for 1996 include the recent registration of Maxim seed treatment for corn (active ingredient: fludioxonil) . This is a broad-spectrum contact fungicide that will be applied in combination with Apron. It is a commercially applied (not a planter box) treatment. Maxim/ Apron has shown similar performance to Captan or Captan/Apron, but Maxim is considered a safer, lower toxicity product than Captan. Some Maxim/ Apron-treated seed will be for sale for the 1996 crop. Another development in corn seed treatment in 1996 is the acceleration of the trend toward seed companies treating with a Captan/ Apron combination instead of Captan alone. Root, Crown, and Stalk Rots Some fungal pathogens that cause seedling blight can continue to plague corn plants as they develop and mature. Pythium species, particularly P. graminicola, can cause a root rot of plants at any growth stage. Fusarium species can invade the crown ofthe plant (the base of the stalk), where they may do no damage or they may stunt or kill the plant by rotting the growing point and/or the root/stalk interface. Crown infections can later lead to Fusarium stalk rot. Colletotrichum graminicola (the anthracnose fungus) is not generally considered a seedling pathogen, but it does infect the leaves of seedlings during wet spring conditions. If the plant also is suffering from a crown or root infection, the combination of diseases may be fatal, where neither one alone would be enough to kill the plant. Some crown rot infections that are indistinguishable from Fusarium crown rot are actually caused by C. graminicola.
In 1995, the conditions were very favorable for stalk rots in many areas of the state, and stalk rots caused more yield losses in 1995 than any other corn disease. The wet spring was favorable for fungal development and infection, so as the plants reached the 6-8 leaf stage, many had minor or moderate root and crown infections. A hot, dry spell in June caused some of these plants to die because their damaged root systems or developing stalk tissue could not supply enough water and nutrients to the leaves. Plants that were infected but survived through that stage later were very likely to die prematurely from stalk rot, as the droughty conditions continued to cause stress to the plants. Premature death of plants was very noticeable in late August; the primary causes of this were moisture stress, stalk rot, or a combination of both. Stalk rot development is often enhanced by plant stresses, including moisture stress. Another prominent cause of premature plant death was second generation com borer damage, often in combination with stalk rots; stalk rot development also is enhanced by com borer damage.
Although there are several distinct stalk rot diseases, in many cases it is not possible to pinpoint the most important stalk rot in a field because there is usually more than one present, even in the same stalk. The top three stalk rots in Iowa (not necessarily in this order) are certainly anthracnose, Fusarium stalk rot (caused by Fusarium moniliforme, F proliferatum, or F subglutinans), and Gibberella stalk rot (caused by Gibberella zeae ). At the early stages of stalk rot development, it may not be possible to distinguish which pathogen is responsible. Any of these will cause a dark, water-soaked decay of the stalk tissue. As the disease progresses and the stalks begin to dry out, more distinct symptoms can sometimes be observed. Anthracnose causes shiny, black blotches on the rind surface, and the decayed pith tissue may be discolored with bluish black mycelium. Gibberella stalk rot usually can be identified by the red or pink color of the decayed pith tissue. The Fusarium species will cause disintegration of the pith tissue that may have a pink appearance, but there may not be any noticeable discoloration. Sometimes it is not possible to distinguish Fusarium and Gibberella stalk rots in the field.
The most important management option to reduce stalk rot occurrence is crop rotation. While stalk rots certainly occur in rotated fields, continuous com fields are at a higher risk and in 1995, stalk rots were clearly more severe in com-on-com fields. It can sometimes be observed that tilled portions of fields suffer less stalk rot damage than no-till portions. Pathogen survival is reduced by tillage and anthracnose and Gibberella stalk rots have been shown to be reduced by tillage; however, the situation with Fusarium stalk rot is less clear. Research on reductions in Fusarium stalk rot by tillage is not conclusive. When moisture stress is a factor, it appears that fields with more surface residue (and therefore greater soil moisture) sometimes have less Fusarium stalk rot. Hybrid selection can help to reduce losses to stalk rots. Some seed companies provide ratings for anthracnose stalk rot resistance, and hybrids with a superior stalk strength or lodging rating will hold up better to stalk rots. Lodging scores also are published with the Iowa State Com Yield Test results.
Leaf Diseases
Winter conditions can have a significant influence on the cropping season, and the 1994-95 winter was mild by Iowa standards. One result was increased survival of the com flea beetle, Chaetocnema pulicaria. This insect feeds on the leaves of com, small grains, and grasses. It also is the vector of Erwinia stewartii, the bacterium that causes Stewart' s disease in com, also called Stewart' s wilt. The bacteria overwinter in the gut of the adult flea beetles, and when the beetles survive the winter in greater numbers, the incidence and severity of Stewart' s disease are higher. Occurrence of Stewart' s disease consequently can be predicted by considering the mean temperatures for December, January, and February. If the sum of the mean temperatures for these three months exceeds 90, severe Stewart' s disease can be expected in susceptible genotypes. If the sum is between 80 and 90, the risk is moderate to severe, and if the sum is 70-80, the risk is moderate (Pepper, 1967) .
Fortunately, today's dent com hybrids are not highly susceptible to this disease, so fatal infections are limited to sweet com and some susceptible dent com inbreds. Nevertheless, following a mild winter, the disease can become severe enough to cause some losses in hybrid dent com. Instead of infecting and killing the whole plant, as can occur in sweet com, the bacterium causes long, irregular dead streaks in the leaves of dent com hybrids. In addition, if flea beetles are numerous enough to cause a moderately serious Stewart's disease problem, beetle feeding damage itself may be enough to cause yield loss. In 1995, winter temperature sums were as high as 88 in SE Iowa. This is not as high as the temperatures during the 1991-92 winter, but it did represent a moderate-to-severe risk. As predicted, some fields in SE Iowa this year were infested with large numbers of com flea beetles, up to five per plant during May. This level of infestation is believed to be sufficient to warrant an insecticide application (Rice, 1995). Stewart's disease also appeared as predicted, but did not approach damaging levels in hybrid com until late August. Due to the slow progress of the disease, it is unlikely that it caused yield loss except in a few scattered fields in SE Iowa. It caused some yield loss and substantial inconvenience in seed com production in Iowa. E. stewartii is a quarantined pathogen in many nations to which the U.S. exports com seed. When the disease is detected in seed production fields, the seed cannot be exported to some nations, while others will accept the seed if it is certified to be free of the pathogen by a greenhouse or antibody assay. Although the possibility of seed transmission ofthis disease is only slight, some seedlots could not be exported due to the presence of E. Stewartii in the seed.
Anthracnose leaf blight, caused by Colletotrichum graminicola, is a common leaf disease during wet springs in Iowa. Typically, it damages the lower leaves of young plants, but does not persist past the 8-leaf stage or so. Symptoms vary on different hybrids, but commonly the fungus causes tan to brown lesions with a dark border, sometimes surrounded by a chlorotic zone. Infections sometimes occur along the leaf margins, so that distinct lesions are not discernible. Extended wet weather in 1995 caused this disease to persist later into the early summer, killing up to Yz the lower leaves of some plants prior to tasseling. This level of leaf damage at this early stage is sufficient to cause yield loss.
Anthracnose is much more common where com follows com and in no-till fields (Lipps, 1983 (Lipps, ,1985 (Lipps, , 1988 , so a combination of rotation and tillage is the most effective management option. In fields with very little surface residue, a com-soybean rotation should control the disease very effectively. In reduced tillage fields, the pathogen can survive longer than 18 months (Casela and Frederiksen, 1993) , so a longer rotation would be required to effectively control anthracnose. Hybrids very in susceptibility, but ratings are not often publicized by seed companies.
The most prominent leaf disease in 1995 was gray leaf spot, caused by the fungus Cercospora zeae-maydis. This was the second consecutive year that this disease caused substantial yield losses in Iowa com fields. The biology and management of this disease are covered in detail elsewhere in these proceedings, so here I will focus on the occurrence of the disease in Iowa, its impact, and the outlook for gray leaf spot in the future.
The weather conditions in 1994 and 1995 were very different, but both years were conducive to gray leaf spot. The summer of 1994 was cooler than normal, especially during late July and early August, which is a crucial time for gray leaf spot activity. Although the weather was cool, it was humid, and the low night temperatures resulted in extended dew periods. In 1995, the summer was warmer than normal, but also very humid, and extended dew periods occurred during the late July-early August period again in 1995. Ideal conditions for gray leaf spot are usually considered to be warm and humid. In 1994, night temperatures were probably a little lower than optimum for the disease, but well within its acceptable range, and daytime temperatures were close to optimum. Extremely hot temperatures that occurred during the daytime in 1995 were not favorable to the disease, but neither did they stop it from developing during the close-to-optimum temperatures that occurred at night. Unlike some fungi such as Puccinia sorghi (the cause of common maize rust), C. zeae-maydis can tolerate hot conditions (Latterell and Rossi, 1983) . Extended periods of leaf wetness are more crucial for disease development than optimum temperature or excessive rainfall.
In 1994, some Iowa corn producers estimated yield losses of up to 60 bu/acre from gray leaf spot. Data from Iowa field research supports these estimates; yield losses of up to 65 bu/acre were recorded in experiments conducted at Crawfordsville in the early 1990's (Jenco, 1995) . In 1995, yield reductions may have been proportionally larger than in 1994 because of low yields and late planting in 1995. Most of the corn in southern Iowa, where gray leaf spot was severe, was planted late in 1995. Late planted corn is at a risk for greater yield loss because the plants are at an earlier growth stage at the onset of disease. Based on our observations of the disease in 1995 and published reports, I estimated that some fields would lose about 30% to gray leaf spot. This must be considered a very rough estimate, because yield loss for a given amount of disease depends on the hybrid and the interactions of disease with other yield-influencing factors. In field experiments with fungicide applications conducted in 1995, we increased yields by as much as 26 bu/acre with a single spray ofTilt (4 oz/acre) at tasseling. However, actual yield losses in these plots were greater than 26 bu, because we did not completely control the disease and there was some yield loss in the sprayed plots that we could not measure.
After two years of severe gray leaf spot, inoculum levels will be high in many fields in southern Iowa; the potential for another outbreak in 1996 is certainly present. We can now expect gray leaf spot to be a consistent problem in southern Iowa, and its history of spreading west and north suggests that it may eventually become a problem throughout the state. Each year, the severity of the disease will depend on the weather, especially the occurrence of high humidity during July. Although gray leaf spot tolerates dry conditions better than most leaf diseases, it will not develop if the weather is very dry during July. It is also worthwhile to note that when rainfall was excessive, as in 1993, gray leaf spot was not severe. This observation has been reported previously (Latterell and Rossi, 1983) .
Managing gray leaf spot requires a combination of methods. Inoculum can be reduced or eliminated from a field by rotation and tillage. Although spores are airborne and can spread from field to field, the amount of residue in each field has a great influence on disease in that field . Still, in areas where gray leaf spot has been severe, it would be good insurance to plant a more resistant hybrid in fields that are within 500 feet of a field with high levels of corn residue on the surface. There are no highly resistant hybrids, but there is considerable variation in susceptibility. In 1995,210 ofthe hybrids entered in Iowa State Corn Yield Test were rated for gray leaf spot severity in one SE Iowa location. On a scale of 1-9 (1 is best), the average was 5.0, and hybrids ranged from 3.3 to 7. 7. Most hybrids were in the 4-6 range, but about 10% were rated better than a 4. So there are some moderately resistant hybrids available. When the ratings from this plot were compared to published seed company ratings for the same hybrids, we found a close correlation. This supports the reliability of seed company gray leaf spot ratings.
For more information on gray leaf spot, refer to the paper in these proceedings by Dr. Pat Lipps ofthe Ohio State University.
Soybean Diseases
Sudden Death Syndrome SDS, caused by the fungus Fusarium solani, was first discovered in Arkansas in 1971 , although it was not described as a specific disease until 1983, and identification of the pathogen took several more years. It is now known to occur in Illinois, Indiana, Kentucky, Louisiana, Mississippi, Missouri, and Tennessee. There have been recent reports or suspected cases of SDS from Kansas, Minnesota, and Texas, but I have not seen published accounts from these states. The first confirmation in Iowa was in 1993 by Dr. X.B. Yang (Yang and Rizvi, 1994) . The disease may have been present here for several years before it was discovered. Iowa presently is the northernmost state to have confirmed SDS. The disease has now been identified in Blackhawk, Boone, Clinton, Des Moines, Floyd, Henry, Johnson, Jones, Marshall, Scott, Story, Washington, and Wright Counties.
The name of the disease is derived from the symptom progression in which healthy-looking plants suddenly develop necrotic leaves, defoliate, and die shortly after flowering. The leaf symptoms ofSDS closely resemble those ofbrown stem rot, but SDS usually occurs earlier in the season. Leaves develop interveinal chlorotic blotches that later coalesce and turn necrotic. Leaves then either drop, leaving the petiole attached, or they remain on the plant and curl upward. In the stem of infected plants, the cortex becomes discolored light brown or gray, but the pith remains healthy. Roots of SDS infected plants are usually poorly developed and exhibit a mild to severe dry rot. Early disease development can result in pod abortion and drop; later development results in poor pod fill. SDS is more severe in the presence of soybean cyst nematode.
This year, several fields were observed in eastern Iowa with severe SDS. Prior to 1995, we had not seen fields with extensive damage by this disease. It is now clear that SDS can cause significant damage under Iowa conditions. Although the disease still does not appear to be common in Iowa, each year it is confirmed in additional locations. The fungus is spread by soil movement due to flowing water or human activity. Borrowed or shared machinery is a likely means of spread, but steps to prevent this type of spread can be difficult to implement. Resistant varieties have been identified for the southern growing areas, but little is known about resistance to this disease in the earlier varieties grown in Iowa. Rotation and tillage have limited value in reducing inoculum, due to the long survival capabilities of the fungus. Nevertheless, research on other states has shown that the disease is worse in no-till fields, and earlier planted fields are more severely affected than later planted fields.
Sclerotinia Stem Rot Sclerotinia stem rot, or white mold, was much less severe in 1995 than 1994. This was probably caused by two factors: high temperatures and late planting. The weather in July of 1995 was much warmer than in 1994 and well above the optimum for Sclerotinia sclerotiorum. Initial infection was noticeable, but in many fields the disease failed to develop sufficiently to kill plants. Late planting also may have reduced white mold occurrence because in many fields the canopy did not close before flowering, when infection takes place. An open canopy is unfavorable to white mold infection unless the weather is cool and wet.
The worst white mold problems occurred in 1992 and 1994; most ofthese fields were in corn in 1995, so these badly infested fields will be in soybeans again in 1996. We are more likely to see white mold problems next year because of the rotation, but the weather will determine if it is mild or severe.
Fields that had severe white mold in 1994 should be planted in 30-inch rows with a less susceptible variety. These should be the last soybean fields that are planted this year, so that canopy closure is delayed. If heavy corn residue is now present in the field, some tillage should be performed to allow faster drying of the soil surface during the spring and summer. This will help reduce germination of sclerotia. If these fields are to be drilled, a lower plant population should be used. Cultivation during the spring may help to reduce spore release; later cultivations probably will have a greater effect than earlier. Many broadleaf weeds are susceptible to the disease, so good weed control may help reduce the fungal population. Last year, XB Yang demonstrated reductions in disease and yield increases by spraying at flowering with benomyl, but we do not have enough data to recommend fungicidal control of white mold on soybeans.
Small Grain Diseases
Wheat Scab Wheat scab (pathogen: Gibberella zeae) caused extensive damage to winter wheat in southeast and south-central Iowa in 1995. It is caused by the same fungus that infects corn stalks and ears. Cool, wet conditions during flowering are very favorable for the development of scab. Symptoms of scab are premature death of wheat heads. All or part of the affected heads appear bleached at first, sometimes with pink or salmon-colored fungal mycelium visible. Often the heads become colonized by saprophytic fungi such as Cladosporium and Alternaria, turning the heads black. This is known as sooty head mold. Any problem that causes premature plant death can result in sooty head mold, so these blackened heads are not a reliable indication of scab. "Scabby" heads may not contain any grain, or the grain will be shriveled and very lightweight. Both yield and quality can be drastically reduced. Another serious consequence of scab infection is the production of mycotoxins by the fungus. G. zeae can produce both deoxynivalenol (DON or vomitoxin) and zearalenone. These compounds are toxic to humans and animals. DON is usually much more common than zearalenone in scabby wheat. If DON concentrations are too high, wheat can not be used for human consumption. Recent outbreaks of scab in Minnesota and North Dakota have been devastating to the wheat industry, and there have been reports of animal health problems caused by scabby wheat used for pet food.
Scab is more severe when wheat is planted in heavy com residue, so the risk of scab can be reduced by rotating with a crop other than com. Tillage of the com residue will help to reduce inoculum levels. Wheat varieties vary in susceptibility to scab, and plant breeders at several universities and seed companies are working toward the development of more resistant varieties. For more information on scab, see the paper by Dr. Greg Shaner in these proceedings.
Barley Yellow DwarfVirus
This virus infects most small grain species, but oats are usually the most severely damaged. In 1995, damage by BYDV was common in both oats and wheat. In winter wheat, symptoms usually consist of poor growth in the spring, along with a pale green color. There may be yellow streaking or reddening of the leaves. In oats, the virus also causes poor growth, and the leaf discoloration is usually an obvious yellow, red or orange.
BYDV does not overwinter in Iowa. It survives in perennial grasses and small grains in the southern U.S. The virus is transmitted by several aphid species, which acquire the virus from these overwintering hosts and in tum are carried by wind to Iowa. Epidemics ofBYDV occur when there are frequent spring storms carrying infected aphids. The aphids then continue to spread the disease throughout the summer.
Yield losses to BYDV depend on the growth stage ofthe plants when they are infected. If plants are immature at the time of infection, plants can be so stunted that they never produce grain. Aphids are only active during the warmer months, so planting date can have a significant effect on BYDV damage. Winter wheat that is planted before the Hessian fly-free date (last two weeks of September) can be exposed to substantial aphid activity during the seedling stage. Plants infected at this stage will be very stunted in the spring. If winter wheat is infected during the spring, yield loss may be minimal. For oats, late-planted fields will suffer more damage because the plants will still be seedlings when the weather turns warm and aphid activity increases.
The best management for BYDV is planting date and using less susceptible wheat or oat varieties. Highly resistant varieties are not available. Among the popular oat varieties in Iowa, Don, Dane, and Starter are intermediate in susceptibility, Ogle, Troy, and Hazel are more resistant. Less information is available on wheat varieties, but Cardinal is considered intermediate, and Caldwell is susceptible. Some of the private varieties have somewhat better resistance.
Oat Crown Rust
Like most rust diseases, crown rust, caused by Puccinia coronata, is favored by cool, wet conditions. This disease was severe again in 1995 due to the wet spring. Crown rust causes the familiar orange pustules that can completely cover the leaves in some years. Severely affected plants are stunted, and yields are greatly reduced. Unlike most of the rust diseases, crown rust overwinters in Iowa on its alternative host, buckthorn, which is a common shrub. Spores produced on buckthorn overwinter and are responsible for initial infections on oats. Additionally, some spores will be carried from the southern U.S. The disease develops and spreads rapidly. Although most crops have a rust disease, these fungi are very specific and do not spread between different crops.
